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A mediod (tf mamifiKturing an optical fiber comprising a coie portion witfi a dopant and a 
suiroundirig optioal claddiog portion, oompiisb^ te 8tq» of drawing a fiber (7) firom a molten 
exuemity (3) of a silica preform (1) and movir^ the fiber (7) along means (9) for coating it widi 
a protective sheath, wherel^, prior to the coating step, the moving fiber (7) is irradiated with 
intgularly modulated actinic radiation (15X (hereby causing oonesponding inegular variations in 
the refractive inttex of its core portion as a tunction of loiigituduial position. The resulting fiber 
demonstrates a sigoificantiy reduced polarisation mode dispersion. 
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"Optical fiber having reduced polarisation mode dispersion" 



PCT/IB9&00060 



The invention relates to a method of manufacturing an optical fiber 
comprising a core portion with a dopant and a surrounding optical cladding portion, 
comprising the steps of drawing a fiber from a molten extremity of a silica preform and 
moving the fiber along means for coating it with a protective sheath. In particular, the 

5 invention relates to an optical fiber having reduced polarisation mode dispersion. 

The term "pokuisation mode dispersion" (PMD) refers to the disperaon 
of signals carried by an optical fiber (particulariy a single mode fiber), as a result of birefrin- 
gence in the fiber's core portion. Hiis birefiingence is caused by imperfections in the fiber, 
sudi as rfi ght non-circularity of its core cnws section, asymmetrical lateral stress, «ic., and 

10 manifests itsdf in dissimilar refractive indices for a carried signal's two orthogonal 

polarisation modes. In the case of a perfisct fiber devoid of PMD, these two modes propagate 
independentiy of one another at a common velocity. However, in the presence of PMD, the 
relative phase of the two modes changes continually, returning to a particular configuratfon at 
certain spatial intervals along the fiber. The average such interval is referred to as the beat 

15 length of ^ fiber, and has a typical magnitude of the order of 1 m (meter). 

A method as stated in the opening paragr!^>h is known from United States 
Patent US 5,298,047, wherein, subsequent to the fiber coating step, the moving fiber is 

20 caused to pass over a series of pulleys. By continually canting the rotational axis of at least 
one of these pulleys back and forth in an irregular manner (i.e. with a variable frequency), 
the fiber is sutijccted to an oscillatory torque which causes the entire length of fiber between 
the canting pulley and the preform to twist back and forth. Such twisting of warm, uncoated 
fiber impresses an osdllatory axial spin upon its constituent material, and this spin 

25 subsequently becomes "fiozen" into the fiber as it cools. The deUberate presence of such 
variable spin-rdated stress in the fiber produces continual mode-coupling between the 
orthogonal polarisation modes of a carried signal, thereby inhibiting the accumulation of a 
significant phase lag between the two modes, and consequently causing a significant 
reduction in the fiber's PMD. 
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It is an object of the invention to provide an alternative method by which 
an optical fiber having reduced PMD can be manufactured. In particular, it is an object of 
the invention that the specific means of achieving the said reduction in PMD should not 
5 necessitate mechanical contact with the fiber. Moreover, it is an object of the invention that 
the furnished alternative method be relatively cheap and easy to implement in existing fiber 
drawing arrangements. Specifically, it is an object of the invention to provide an optical fiber 
in which a significantly reduced PMD is achieved by a mechanism other than the presence of 
vaxiaUe spin-xelated mechanical stress in the fiber. 

10 These and other objects are achieved according to die invention in a 

metfiod of manufacturing an optical fiber comprising a core portion with a dopant and a 
surrounding optical cladding portion, comprising the steps of drawing a fiber from a molten 
extremity of a silica preform and moving the fiber along means for coating it with a 
protective sheath, duuacterised in that, prior to the coating step, the moving fiber is 

IS irradiated widi irregularly modulated actinic radiation, therd>y causing corresponding 
irr^ular variations in tfie refractive index of its core portion as a function of longitudinal 
position. 

The term "silica" is here intended to refer to any form of SiQi, whether 
amorphous or crystalline, synthetic or natural; the skilled artisan will understand that such 

20 silica typically comprises relatively small quantities of certain dopants (such as F or Ge, for 
example) so as to modify its refractive index. The term "actinic radiation* as here employed 
should be interpreted as referring to such forms of radiation as ultra-violet (UV) radiation, 
X-rays, electron beams, etc., as wdl as to visible electromagnetic radiation of relatively 
short wavelength, such as green or blue light. Such radiation is here considered to be 

25 "modulated" when its intensity, wavelength or energy per particle are temporally varied, 
either directly at the source or with the aid of temporally adjustable eclipsing or deflecting 
means, such as a shutter. Such modulation is regarded as being "irregular" when the 
temporal separation of adjacent local maxima is not constant, so diat the corresponding 
refractive index variations along substantial lengths of the fiber core do not occur at constant 

30 intervals. 

It should be understood that the inventive exposure to modulated actinic 
radiation preferably occurs along substantially the entire length of optical fiber drawn in one 
go from the preform (typically of the order of 100 km), or at least along a plurality f 
individual portions of substantial length (of the order of 10-100 m) with possible interposed 
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portions f non-inadiated fiber. 

The invention draws fton» the inaght that, when escposed to actinic 
radiation of an appropriate energy, the electronic structure of dopants in the fiber's core 
portion can be altered in such a way as to locally increase the refractive index of the doped 

5 core material in the irradiated portion concerned. When such localised refractive index 
changes are disposed at irregular intervals along Uie length of the fiber core On accordance 
wiU) the invention), tii^ instigate continual mode-coupling between the different polarisation 
modes of a dgnal propagating within tiie core, with an attendant significant reduction in 
PMD. Because tiie inventive irradiation leads to a local increase in die refractive index n. of 

10 the core portion, and because n„ is already larger tiian the refinctive index of tiie 

surrounding optical dadding portion, the essential omdition n^ > for tiie occurrence of 
Total Internal Reflection in the fiber core is maintained. 

As a qwdfic example, in tiie case of a GeOj dopant distributed 
throughout a alica cote, irradiation of ground-state Ge atcnns with acinic radiation (sudi as 

15 UV radiation) can lead to partial production of stable Ge(l) and GeQ) excited states, 
whereby tiie obtained value of the atomic ratio Oe:Ge(l):Ge(2) dqiends on the particular 
type of actinic radiation employed. As a consequence, the r^ractive index of the Ge-doped 
core portion increases. This process is elucidated in more detail in an article by Russell et al. 
in SPIE Conference Proceedings Vol. 1373 (1990), Fiber Laser Sources and Amplifiers U, 

20 pp 126-139. 

OUier core dopants whose dectronic structure can be modified uang 
actinic irradiation include, for example, P (phosphorous) and Al (aluminium). 

It is a particular advantage that the means for enacting the inventive 
irradiation do not necessitate mechanical contact with the fiber, and can be embodied in a 
25 very compact form (such as, for example, a laser beam, arc lamp or thermionic gun). 

The coating means referred to hereabove may be of any type suitable for 
zp^ea&oa in tiie art of optical fiber manuiiacture. For example, such means may comprise a 
diamber through wfaidi tiie moving fiber is guided and into which a reactive hydrocarbon gas 
is introduced, tiie diamber bang fixrtiier pnmded widi heating means (e.g. inductive or 
30 mioDwave heating means) for tiie purpose of warming tiie fiber, tiierd)y serving to increase 
tiie rate of deposition of a solid hydrocarbon layer (out of tiie gas phase) onto tiie fiber's 
surfiue. The inventive irradiation process occurs prior to tiie coating st^, ance the 
employed actinic radiation might otfierwise suffer absorption in tiie fiber's protective sheatii. 

It must be stipulated tiiat it is not essential tiutt tiie fiber be dtiier soft r 
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wann during the inventive inadiation process. On the other hand, if the fiber retains some 
amount of heat for a short time after being drawn, this will not inhibit the inventive method, 
unless the temperature of the fiber is high enough to provoke de-excitation of excited dopant 
states (occurring above about 700^C in the case of UV-irradiated Ge dopants, for example). 
S A particularly effective PMD-reduction is obtained according to the 

invention when d. < I^, where dg. is the average longitudinal separation of neighbouring 
localised zones of increased n^. Preferably, d^ is several times smaller than 1^; for example, 
if Lp « 2 m, then d^ should preferably (but not essentially) have a maximum value of about 
1 m, and £avourably a value of about 0.3-0.4 m (approximately five modulations per beat 

10 length). The obtained value of d. will, of course, depend on the linear velocity v^ of the 
moving fibcx and on the average modulation time t, of the actinic radiation. For example, if 
V, = 10 m/s, tfien t, must have a value of O.QS s in order to obtain d^ = 0.5 m. It should be 
noted that the term 'average* is here intended to refer to the arithmetic average taken over a 
substandallengthof thecqtticalfiber(e.g. 100m)Qrasubstant^ 10 s). 

15 Although different types of actinic radiation are, in principle, suitable for 

qyplication in Uie inventive metfiod, there may be a practical preference for the use of 
electromagnetic radiation, since this can easily be produced at high intensity ficom a cheap 
and conqnct source, and can easily be modulated using, for example, a shutter or pulsed 
power supply. In particular, the inventon have achieved highly satisfactory FMD*reduction 

20 in Ge-doped silica fibers with the aid of UV or blue/green light from a laser source of 
randomly-pulsed intensity. UV light is hmby understood to have a wavelength in the range 
230-260 nm, and preferably a value of proximately 244 nm, and blue/green light should be 
considered as having a wavelength in the range 460-520 nm, and preferably an approximate 
value of either 488 or 514 nm. 

25 Besides such random pulsing of the actinic radiation, there are several 

other possible ways of achieving the desired irregular modulation in accordance with the 
invention. For example, such modulation may take any of the following forms: 
(1) a constant-amplitude block, triangular or sinusoidal wave, whose frequency is 

modulated in a random manner; 

30 (2) alternated pulse doublets and triplets of unequal temporal pitch; 

(3) a superposition of at least two periodic block functions having req)ective 

periods P| and Pj such that the value of the ratio Pi/P, is not an integer. 
This list of oamples is by no means exhaustive, and is given mady for illustrative 
purposes. 
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The selected intensity of the employed actinic xadiation will depend inter 
alia on the value of t, and the concentration of dopants in the core portion of the optical 
fibor, in view f the statistical nature of fhe radiative mechanism by which the dectionic 
structure of the core dopants is altered. The skilled artisan will be capable of tailoring the 
5 applied radiative intensity to the particular parameters in a given manufacturing situation. In 
the case of UV or blue/green laser light, the inventors have obtained satisfactory results with 
laser powers of the order of 0. 1-1 W. 



10 The invention and its attendant advantages will be further elucidated with 

the aid of exemplary embodiments and the acconq»anying schematic drawings, not of uniform 
scale, whereby: 

Figure 1 depicts a process of manufacture of an optical fiber in 
accordance with the invention; 
15 Figure 2 shows some exemplary optical fibers in accordance with the 

invention, widi a stylised rq;)resentation of the longitudinal refractive index variations in their 
core portions. 



20 Embodiment 1 

Figure 1 depicts a procedure for manufacturing an optical fiber in 
accordance with the present invention. 

A silica preform 1 is manufactured, for example, by depositing doped 

25 layers of synthetic ^ca on the inside surface of a silica substrate tube (e.g. using Plasma 
Chemical Vapour Deposition), and subsequently thermally collapsing the tube into a preform 
rod« By using different dopants (such as F (fluorine) and Ge (germanium)) during this 
deposition procedure, the resulting preform rod is thus embodied that its core silica has a 
higher refractive index than the silica in its outer reaches. For example, the rod may be 

30 manufactured in such a way that its outer regions (corresponding to the optical cladding 
portion of the drawn fiber) are doped with approximately 1 at.% F and 1 moL% GeC>i, 
whereas its core region (corresponding to the core portion of the drawn fiber) is doped with 
qipraximatdy 1 at.% F and 5 mol.% GeOj. If so desired, the resulting preform rod can be 
subsequndy encased in a silica jacksedng tube. In any case, the final product constitutes die 
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prefonn 1. 

The manufacture of such a preform 1 can, of course, occur using a 
variety of ther well known methods. The specific method used is of no particular 
importance to the subsequent enaction of the optical fiber manufacturing process in 
5 accordance with the invention, hereinafter further elucidated. 

The preform rod 1 is heated at an extremity 3 using heating means 5. 
From this heated extremity 3, a fiber 7 is drawn away with a linear velocity Vf. This fiber 
comprises a central core portion which is surrounded by an optical cladding portion. The 
fiber 7 is subsequently moved through coating means 9, where it is provided with a 
10 protective sheath {e.g. an opaque polymer coating). 

At a location between the extremity 3 and the coating means 9, the 
moving fiber 7 is locally irradiated with irregularly modulated actinic radiation IS. As here 
depicted, the radiadcm beam IS is derived £rom a spatially fixed source 11 which is located 
behind a shutter 13. In a particular example, the beam IS comprises blue/green light, the 
IS source 11 is a 0.2 W Ar laser beam of substantially constant intensity, and the shutter 13 is 
abruptly qmied and closed in a random manner (e.g. by controlling it with a servo device 
operating with a du^ cyde which is determined by a processor unit acting as a random 
number generator); in this way, the moving fiber 7 is subjected to random pulses (or blocks) 
of blue/green light. 

20 At points 17 where the beam IS intercqyts the fiber 7, the refractive index 

n«o of the core portion of the fiber 7 will be increased. This increase in i^o will, of course, 
occur along the whole trajectory of the fiber 7 exposed to any given dose (i.e. pulse or 
block) of actinic radiation IS. For example, if Vf = 10 m/s and the shutter 13 is opened for 
an interval of O.OOS s, then the length of the fiber 7 thus exposed to actinic radiadon will be 

2S 10 X 0.005 m = O.OS m = SO mm, so that n^o will increase along a length SO mm. 

Assuming a Ge02 dopant concatradon of S mol. % and an intensity of 0.2 
W for the beam IS, the refiracdve index n^o will typically increase by about 0.01 % upon 
irradiation. 

30 

Embodiment 2 



Figure 2 dqncts s^ments of three optical fibers 37, 47, S7 manufactured 
in accordance with different possible variants of the current inventive method. These fibers 



• I 

» t 

't * 

wo 96/23739 PCT/IB96/00060 

7 

comprise respective core portions 371, 471, 571 which are surrounded by respective optical 
cladding portions 373, 473, 573* The fibers' protective sheaths are not depicted in the 
Figure, for the sake of clarity. As a specific example, the core portions 371, 471, 571 may 
comprise Ge-dqped silica, and the optical cladding portions 373, 473, 573 may comprise F* 
5 doped silica. 

The refractive index n^ of each core portion 371, 471, 571 exceeds the 
refractive index n^ of the corresponding optical cladding portion 373, 473, 573. However, 
neo does not have a constant value as a function of longitudinal position along the different 
fibers 37, 47, 57. Instead, each of the fiber core portions 371, 471, 571 respectively 

10 comprises irregularly spaced zones 375, 475, 575 (shaded in the Figure) in which 

demonstrates a local maximum value, with intervening zones 377, 477, 577 (not shaded) 
where n„ has a locally lower value. The irregularly spaced zones 375, 475, 575 are 
prefexably disposed along substantially the whole length (typically of the order of 100 km) of 
the xespoeHw fibers 37, 47, 57, or at least disposed along several very substantial lengdis (of 

15 the order of 10-100 m) diereof. 

In the case of fiber 37, the zones 375 all have the same length h, but are 
disposed at variable sqwations in the longitudinal direction, Le. the zones 377 are not of 
constant length. Such a pattern of zones 375, 377 can be achieved in an embodiment of Oe 
inventive method whereby the actinic radiation is modulated according to a block function 

20 comprising on-blocks of constant temporal duration disposed at random temporal intervals. 

In fiber 47, neither the zones 475 nor the zones 477 are of constant 
length. However, the pattern of zones 475, 477 demonstrates a certain periodicity, since it 
repeats itself after each set of three consecutive zones 475. Such periodicity may be obtained 
in an embodiment of the inventive method whereby constant*intensity actinic radiation is 

25 directed onto the moving fiber via an eclipsing device comprising a continually rotating disc 
with three different azimuthal apertures. 

In the case of fiber 57, there is no periodicity in the pattern of zones 575, 
577. Such a pattern may be achieved in an embodiment of the inventive method whereby the 
actinic radiation is derived from a randomly pulsed source. 

30 As here depicted, all the shaded zones are sharply delimited by abrupt 

borders. In practice, however, there may also be a gradual fluctuation in n^e, so that the 
obtmed patterns are less discontinuous in appearance (as in the case of frequency-modulated 
sinusoidal irradiation, for example). 



W09d/23739 PCT/IB96/00060 

8 

CLAIMS: 



1 . A method of manufactuting an optical fiber comprising a core portion 

with a dopant and a surrounding optical cladding portion, comprising the steps of drawing a 
fiber from a molten extremity of a silica preform and moving the fiber along means for 
coating it with a protective sheath, characterised in that, prior to die coating step, the moving 
S fiber is irradiated with irregularly modulated actinic radiation, thereby causing corresponding 
irregular variations in the refractive index of its core portion as a function of longitudinal 
position. 

2 A metiiod according to Claim 1, characterised in that the preform is thus 

selected that the core portion of the drawn fiber comprises Ge as the dopant 
10 3. A method according to Claim 1 or 2, characterised in tiiat the type of 

actinic radiation is selected from the group comprising ultra-violet radiation and blue/green 
Ught 

4. A method according to any of die Claims 1-3, characterised in that the 

actinic radiation is derived from a randomly pulsed laser source. 
15 S. An optical fiber comprising a core portion with a dopant and a 

surrounding optical cladding portion, characterised in that, along substantially its whole 
length, the refractive index of the core portion demonstrates significant irregular variations as 
a function of longitudinal position. 
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